Two inbred lines of Drosophila melanogaster extracted from a laboratory cage population and homozygous for the Ad/z8 allele of alcohol dehydrogenase (Adh) showed almost a twofold difference in specific activity. Analysis of generations derived from these lines showed that the genetic variation in ADH activity was controlled by additive gene action. There was no evidence of directional dominance or of non-allelic interactions. Although the Adh structural gene is on the second chromosome there was a significant effect of the X chromosome, indicating the action of modifying genes.
INTRODUCTION
VARIATION both in the frequencies and the activities of electrophoretically different alcohol dehydrogenase alleles is known to occur within populations of Drosophila melanogaster (Gibson, 1970; Gibson and Mikiovich, 1971) . Furthermore, variation in ADH specific activity of strains which have the same electrophoretic morph was demonstrated by Gibson and Mikiovich (1971) . In a previous paper Birley and Barnes (1973) estimated the narrow heritability of specific activity for individuals homozygous for the AdhS allele as 203 per cent. This genetical variation may result from different Ad/i5 alleles which are not distinguishable electrophoretically, or to the action of genes which modify alcohol dehydrogenase activity, or to a combination of these causes. In this study we have investigated some aspects of the inheritance of alcohol dehydrogenase activity.
MATERIALS AND METHODS
A survey of ADH specific activity for 19 inbred lines derived from the "Texas" population was reported by Birley and Barnes (1973) . From amongst the 17 lines which were homozygous for the Ad/iS allele the line with the highest, P15, and with the lowest, P25, ADH specific activity were selected for further investigation. These two lines together with their reciprocal F1 and F2 generations were raised.
Alcohol dehydrogenase specific activity was measured on individual female flies as described by Birley and Barnes (1973) . The experiment was carried out on flies cultured on five separate occasions. The samples of flies from each occasion were divided into two groups (blocks) and in each block four flies were assayed from each non-segregating generation, while 12 flies were assayed from each of the two reciprocal F2 crosses. The extract from a single fly was assayed once. In all, the specific activity of 40 individual flies was determined in a single day for each block in a random sequence.
RESULTS
The analysis of variance of specific activity for flies from the nonsegregating generations is shown in table 1. In this analysis generations, a fixed effect, and occasions, a random effect, are cross-classified while blocks, a random effect, are subsamples within occasions. There are significant differences between occasions and between blocks within occasions. While the former may be due to variation in culture conditions the latter effect is probably the result of differences in the conditions of each block which were beyond our control. The significant variation between lines is attributable to the difference between P15 and P25. There is no evidence of directional dominance for specific activity as the F1 mean is not significantly different from the mean of the two parents nor is there any difference between the reciprocal F1 generations. None of the comparisons amongst these generation means shows any interactions with occasions and the effects of the lines on each occasion do not interact with blocks. This shows that there are no significant genotypeenvironment interactions.
The analysis of variance of the specific activity of the reciprocal F2 generations is shown in table 2. There is again a significant difference between the occasions and some evidence of differences between blocks within occasions. The difference between the reciprocal F2 generations is also significant. This shows that some of the variation in specific activity is sex-linked; the structural gene for ADH is located on the second chromosome. Again, the analysis shows no evidence of any genotype-environment interactions. We may obtain further information on the type of gene action involved in determining the variation between the generation means by carrying out a scaling test (Cavalli, 1952) . This test consists of estimating by a weighted least squares procedure the parameters [d] , the balance of the additive autosomal effects, [di] , the balance of the sex-linked additive effects and m, the overall mean. It has already been established that there is no evidence for directional dominance (table 1) and therefore dominance components {h] or {lz] have not been included in the model. In addition, as there were significant differences in specific activity between blocks, but no genotype-environment interaction, a parameter e5 was estimated as the sum of all the environmental effects within each block. The ej's are estimated subject to the restriction that L'e = 0. The structure of the model for the jth block is shown below. Line 15 is the most active, but an inspection of the reciprocal F2 generation means showed that the X chromosome of line 25 has the increasing effect on activity.
The values of the genetical parameters estimated are
A test of the adequacy of the model, by comparing the observed with the expected value of the generation mean in each block, gave a X2(38) = 5283. This value corresponds to a probability between 0 10 and 005. The model fitted to these data in fact accounts for 90 per cent of the total X2(49) Hence the model adequately summarises the data. The genetic variation between the generation means can be accounted for by additive autosomal and additive sex-linked effects. There is no evidence of directional dominance or of non-allelic interactions.
Discussioi.
The measurement specific activity of an extract is the ratio of two variables, enzyme activity and soluble protein content of the extract. The lines used in this study also show genetical variation for soluble protein.
It is possible, therefore, that variation in specific activity may be a reflection of variation in activity or in soluble protein or a combination of both. It is, of course, the former that we are principally concerned with. In view of this, analyses of variance were carried out on alcohol dehydrogenase activity (4;
x i oo) and on the reciprocal of the soluble protein content (l/P We can see (table 3) that there are highly significant differences between lines both for activity and for protein. In this case, therefore, the variation in activity may be a consequence of the differences in soluble protein provided that these differences reflect corresponding variation in the amount of ADH protein. It must be assumed, however, that variation in the amount of ADH protein constitutes only a small part of the total genetical variation in soluble protein. In contrast, there are significant differences between reciprocal F2 crosses for activity but not for protein (table 4). Hence the difference in the specific activity of the reciprocal F2 crosses must be due to a difference in enzyme activity as there is no significant difference in
